INTRODUCTION
Rush Ranch, with the largest contiguous area of fully-tidal marsh remaining in northern Suisun Bay, is a critical area for a suite of endemic breeding bird species adapted to brackish tidal marsh habitat. Birds using this tidal marsh habitat are the focus of this study, with some mention of the species using the adjacent upland edges, grasslands, and human-occupied areas.
2
Rush Ranch is the best representative of tidal marsh habitat remaining in Solano County that once covered more than 27,000 ha (67,000 acres) in Suisun Bay (Goals Project 1999) , despite an abundance of non-native invasive plants (including perennial pepperweed, Lepidium latifolium), high predation rates likely due to non-native predators and other native but human-associated predators (such as raccoons and skunks), an altered upland edge, and altered hydrology. For this reason, Rush Ranch was designated as a National Estuarine Research Reserve (NERR) site, and has been included in a number of bird studies of Suisun Bay tidal marshes in the last 3 decades. Current management plans for Suisun Marsh include extensive restoration of tidal marsh habitat, and Rush Ranch can potentially play an important role in providing re-colonizing plants and animals for future restoration efforts (USBR and others 2010).
The most common bird species in the tidal marsh at Rush Ranch are Suisun song sparrow (Melospiza melodia maxillaris), a California Species of Special Concern (CDFG 2011; Spautz and Nur 2008) ; common yellowthroat (Geothlypis trichas), possibly an inter-grade of the upland subspecies (G. t. occidentalis) with the salt marsh subspecies (G. t. sinuosa), a California Species of Special Concern (Marshall and Dedrick 1994; Evens and Gardali 2008) ; marsh wren (Cistothorus palustris); red-winged blackbird (Agelaius phoeniceus); and California black rail (Laterallus jamaicensis coturniculus), a statelisted Threatened and fully-protected species (Trulio and Evens 2000; CDFG 2011) . Recent surveys for California clapper rail, a federally and state-listed Endangered and fully-protected species (CDFG 2002 (CDFG , 2003 (CDFG , 2004a (CDFG , 2005 (CDFG , 2006 (CDFG , 2007 (CDFG , 2008 have resulted in only two clapper rail detections at Rush Ranch, down from a maximum of 25 detected in the late 1970s through the early 1990s (Harvey 1980; Collins and others 1994) .
BIRD STUDIES AT RUSH RANCH
Studies of birds at Rush Ranch have included focused surveys for special-status species (including CDFG 2002 (including CDFG , 2003 (including CDFG , 2004a (including CDFG , 2005 (including CDFG , 2006 (including CDFG , 2007 (including CDFG , 2008 Collins and others 1994; Evens and others 1991; Spautz and others 2005; Herzog and others 2005; others 2006, 2007) and general bird surveys, both standardized (e.g., Herzog and others 2005; others 2006, 2007) and non-standardized (e.g., Christmas Bird Counts and Breeding Bird Surveys conducted by local chapters of the National Audubon Society). We summarize these studies below. Results from these studies have allowed the development of a comprehensive bird list for Rush Ranch (Table 1) .
California Clapper Rail, California Black Rail, and other Rallids

Surveys from 1978 to 1993
Historically, northern Suisun Bay was not considered to be within the range of the California clapper rail (Gill 1979) . Harvey (1980) and Evens and colleagues (Evens and others 1991; Evens and Collins 1992; Collins and others 1994) conducted regional surveys for California clapper rail and California black rail that included portions of Rush Ranch and several other tidal marshes in Suisun Bay, as well as numerous marshes throughout San Pablo Bay and San Francisco Bay. These surveys took place from 1978 to 1979 to 1993 , and from 1986 to 1989 (California black rail).
During these surveys, California clapper rails were detected from several locations at Rush Ranch, including 1st and 2nd Mallard Branches and Cutoff Slough. Between 3 and 25 individuals were detected each survey year, with populations slightly higher in the winter, which implies post-breeding dispersal from other portions of the estuary (Harvey 1980; Evens and Collins 1992; Collins and others 1994) , in addition to probable breeding attempts within Rush Ranch. Variability in population sizes may relate to fluctuations in salinity and associated vegetation (Albertson and Evens 2000) , but variability may also be from irregular colonization and extinction events in these small outlier habitat fragments in the regional meta-population, as well as from variations in survey methodology and detectability of this cryptic species.
Surveys for California black rail conducted in and around Rush Ranch in the same areas surveyed for 
Surveys from 1996 to 2008
PRBO Conservation Science initiated a regional program to study tidal marsh breeding birds in 1996 that has become one of PRBO's long-term data collection efforts in the western United States (Nur and others 1997) . Rush Ranch was chosen as one of the sites representative of Suisun Bay tidal marsh habitat, and was a reference marsh used as a comparison with tidal marsh restoration sites in several studies in Suisun Bay (Nur and others 1997 (Nur and others , 2003 (Nur and others , 2004 (Nur and others , 2005 . Studies conducted at Rush Ranch have included the following:
• standardized point count surveys conducted during the breeding season, and, for some years, also during winter and migration periods: breeding season 1996 , fall 2002 , and winter 2002 Analyzing black rail detections using general landbird/marsh bird survey methods (described below) rather than using playback surveys (which were only conducted in only 1996, 2000, and 2001), we have found that the density index of black rails has increased in recent years. The estimated trend for all Suisun sites (n = 13 marsh sites) was a 10.3% increase per year (S.E. = 4.0%; z = 2.63, P = 0.009) for the period 2000 to 2009, analyzing ln-transformed density index, fitting a linear model for year, and controlling for marsh site as a random effect (PRBO unpublished; SFEIT 2011). For Rush Ranch only, black rail density index from 2000 to 2009 increased at 14.2% per year (S.E. = 11.5%), consistent with the pattern seen at all Suisun sites, but also not significantly different from zero (t = 1.57, n = 10 yrs, P = 0.16); fitting a linear model to ln-transformed density index (PRBO unpublished).
Habitat associations for California black rail, from an analysis of data for the entire estuary, included higher proportion of vegetation cover (all plant species), higher channel density, proximity to channels, proximity to the next closest marsh patch (a measure of patch isolation), and the proportion of natural upland in the surrounding area (Spautz and others 2006) . Black rail probability of occurrence was positively associated with marsh size . (DFG 2002 (DFG , 2003 (DFG , 2004a (DFG , 2005 (DFG , 2006 (DFG , 2007 (DFG , 2008 Figure 1 Surveys were conducted at dawn or dusk using standardized breeding season call-count methods for California clapper rail (USFWS 2005) . Between 1 hour before sunrise or sunset and 1 hour after sunrise or sunset, observers first listened passively at each station. If no presence was detected after 5 minutes, an audiotape of California clapper rail calls (i.e., "keks" and "clatters") was played for 1 minute, followed by an additional 4 minutes of listening. Typically, seven or eight stations were surveyed per 2-hour session. Calls from California black rail, Virginia rail (Rallus limicola), and sora (Porzana carolina) were also recorded.
Seven clapper rails were detected during these breeding season surveys in Suisun Marsh in seven survey years (2002) (2003) (2004) (2005) (2006) (2007) (2008) ; two were within Rush Ranch and five were elsewhere. By contrast, clapper rail biologist detected eight in the fall during other field studies; six were within Rush Ranch and two were elsewhere.
The average number of rails per survey station was calculated by dividing the number of individuals of that species detected during surveys that month by the total number of stations surveyed that month. California black rails were less vocal early in the year, reaching a peak in April (0.89 per station, Figure 2 ). By contrast, Virginia rails and soras were most often detected in January (1.47 and 0.51, respectively) and February (1.08 and 0.28, respectively; Figure 2 ). These annual surveys are expected to continue as funding permits. (CDFG 2000 (CDFG , 2004b .
Suisun Song Sparrow, Common Yellowthroat, and Marsh Wren
PRBO Conservation Science's regional program for the study of tidal marsh breeding birds, initiated in 1996, included point count surveys for all bird species and nest monitoring and focused on song sparrow, common yellowthroat, and marsh wren (1996 Spautz and others 2001; Chan and others 2002; Herzog and others 2005; others 2006, 2007;  Figure 1 ).
At Rush Ranch, standardized point count surveys were conducted for all bird species at 10 to 20 stations placed at least 107 m apart in tidal marsh habitat (Nur and others 1997; Liu and others 2007 ; Figure 1 ). The number of birds of each species was determined during 5-minute point count surveys within 50 m of the point count. The density index was calculated as the number of detections per survey per ha of marsh habitat (see Spautz and others 2006) . This index represented a minimum number of individuals, since it did not take into account detection probability, which is less than 100% (but see Nur and others 1997) . The year-specific density indices were obtained by averaging over point count stations and survey visits. The statistical analysis included the natural-log-transformed mean density indices (Nur and others 1999) fitting either linear models with fixed effects for a single marsh site, or, when analyzing data from multiple sites, fitting mixed-effect models that included marsh site as a random effect (Kutner and others 2004) .
Density indices for all species varied greatly across years at Rush Ranch, as well as in the rest of Suisun Bay and throughout the estuary from 1996-2007 (Liu and others 2007; SFEIT 2011) .
Suisun Bay had higher density indices for common yellowthroat (geometric mean density = 1.23 birds ha -1 ) and marsh wren (geometric mean density = 2.35 birds ha -1 ) between 1996 and 2007, relative to the estuary as a whole (including Suisun Bay, San Pablo Bay, and San Francisco Bay; common yellowthroat geometric mean density: = 0.14 birds ha -1 ; marsh wren geometric mean density: = 0.45 birds birds ha -1 ; PRBO unpublished, SFEIT 2011) . This is likely related to the strong association of these two species for the generally taller vegetation found in brackish tidal marshes (such as those in Suisun) rather than the shorter vegetation typical of more saline marshes in other portions of the estuary (Nur and others 2003; Spautz and others 2006) . Plant communities in Suisun include cattail, various tule species, primarily alkali bulrush (Schoenoplectus maritimus) and three-square, and perennial pepperweed (Nur and others 1997; Spautz and Nur 2004; Spautz and others 2006) . Research has shown a significantly positive trend between the presence of common yellowthroat and that of perennial pepperweed (Spautz and others 2006) ; for other bird species the association with pepperweed is neutral or only marginally positive (Spautz and others 2006) .
There has been a marginally statistically significant downward trend in song sparrow density at Rush Ranch from 1996 to 2007 (-3.7%; 95% CI = -7.4% to 0.2%, t = -2.12, n = 12, P = 0.060, analysis of ln-transformed density index, fitting a linear model for year; Figure 3 ). At all other sites in Suisun Bay, the downward trend was even weaker, and it was not significant (-0.4% per year, S.E. = 1.9%; P > 0.8, n = 85 marsh-years [data from 27 marshes, each observed for 1 to 12 years], fitting a linear model for year, with site as a random effect, analyzing lntransformed density index).
For the same period, 1996-2007, there was also a downward trend for song sparrows in San Pablo Bay marshes (-1.1% per year, S.E. = 0.8%; P = 0.19, n = 177 marsh-years, linear model for year, fitting site as a random effect, analysis of ln-transformed density index), although it is not statistically significant, while in San Francisco Bay the trend was positive and significant (+7.1%, 95% CI = 2.4% to 12.0%, z = 2.99, P = 0.003 n = 187 marsh-years, linear model for year, fitting site as a random effect , 1996 , (Liu and others 2007 PRBO unpublished data) . See text for statistics for trend line. data). Thus the song sparrow density index in San Francisco Bay was 11.4% less than the density index in Suisun Bay, but this was not significant (analysis of ln-transformed density index, controlling for linear year effect and site as a random effect, z = 0.66, n = 284 marsh-years, P > 0.5); at the same time the song sparrow density index in San Pablo was 32.5% (S.E. = 22.0%) greater than Suisun, but this was only marginally significant (analysis of ln-transformed density index, controlling for linear year effect and site as a random effect, z = 1.69, n = 274 marshyears, P = 0.09).
Habitat associations for song sparrows throughout the estuary included the proportion of shrubs (marsh gumplant, Grindelia stricta, and coyote brush, Baccharis pilularis, neither of which are as common in Suisun Bay as they are in more saline areas), proportion of surrounding natural upland, and proximity to upland edge (Spautz and others 2006) .
Intensive nest monitoring at Rush Ranch from 1996-2005 has produced data for 286 Suisun song sparrow nests. Each year a few nests of other species were found, including those of common yellowthroat, marsh wren, black rail, red-winged blackbird, and northern harrier (Circus cyaneus) (Liu and others 2007; PRBO unpublished data) . Here we focus on song sparrow nest-monitoring; see Liu and others (2007) for detailed methodology. Field biologists searched for and monitored nests at seven marsh sites in San Pablo Bay and Suisun Bay. Nesting attempts were located at all stages (nest-construction, egg-laying, incubation, and nestling periods). All known nests were monitored using a standard protocol (Martin and Geupel 1993) . Nests were usually visited every 2 to 4 days (median = 3 days; range: 1 to 9 days) with careful attention given to minimize human disturbance. Frequent visits to nests allowed relatively accurate estimation of the dates of predation events as well as the dates of egg laying, hatching of eggs, and fledging of young. Nest contents were recorded at each visit, at which time the nest was judged to be either still active (i.e., the brood had neither fledged nor failed) or no longer active (i.e., brood fledged or nesting attempt failed). The ultimate outcome of each nest (success or failure) was determined based on re-sighting of fledged young, or nest condition and behavior of the breeding pair (Martin and Geupel 1993 ). Nest survival rates-i.e., daily survival rates for a nesting attempt-were calculated using the Mayfield method, which takes into account the age of the nest when found, to produce an unbiased estimate (Mayfield 1975) . Daily nest survival probabilities were then used to determine the total nest survival probability over the entire nesting period, which we report. The above protocol was used at the seven marsh sites over the period 1996 to 2007, for a total sample of 3,183 nesting attempts monitored and analyzed.
During 9 years of nest monitoring studies (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2004) (2005) , song sparrow annual nest survival probability over the entire nesting period at Rush Ranch showed a significant decrease between 1996 and 1997, from 0.219 (S.E. = 0.012) to 0.048 (S.E. = 0.023; t = -5.47, P = 0.002, fitting a linear model to year), and a significant increasing trend from 1997 to 2005 (beta = 0.0208 per year, SE = 0.0044, t = 4.75, P = 0.003; Figure 4 , fitting a linear model to year). The result was that at Rush Ranch the 2 years with the highest nest survival were the first year (1996) and the last year (2005) of the study, both with a nest survival over the entire nesting period of about 0.22. Song sparrow nest survival at Rush Ranch was lower than at any other site monitored in the San Francisco Estuary for 4 of the Figure 4 Suisun song sparrow nest survival probability for the entire nesting period in relation to year (mean + S.E.). Rush Ranch, 1996 (Liu and others 2007 .
9 years and for those years nest survival was below 0.10 (Liu and others 2007, Figure 4 ). However, analyzing all years, nest survival at Rush Ranch was not significantly lower than the other six sites (from both San Pablo and Suisun bays, difference in nest survival probability = -4.59%, S.E. = 3.53%, t = -1.30, n = 43 marsh-years, P = 0.20). High predation rates were the main cause of nesting failure Greenberg and others 2006) . Predation was also the most common fate of song sparrow nests in other parts of the estuary, although at other tidal marsh study sites a moderate proportion of nests were also lost to flooding during high tides; those sites have greater tidal ranges, and a higher likelihood of tidal flooding on the marsh plain than Rush Ranch (Greenberg and others 2006) . For tidal marsh breeding birds, including song sparrows in the San Francisco Estuary, there is a trade-off between loss of nests to predation and flooding by high tides: nests built higher off the ground are depredated more often than nests built lower to the ground, but if they are lower to the ground they are more likely to be lost during high tides (Herzog and others 2005; Greenberg and others 2006) .
Song sparrow nests have been found on virtually every type of plant at Rush Ranch, the most common being Schoenoplectus spp. (41%) and perennial pepperweed (13%) PRBO unpublished data) . There was no indication that nests built in pepperweed had a failure rate that was different from nests built in other vegetation .
Potential nest predators at Rush Ranch include mammals (rodents, raccoons, and skunks), snakes, and northern harrier (PRBO unpublished data). One hypothesis for higher predation rates at Rush Ranch than at other sites studied in the San Francisco Bay area is that Rush Ranch may have higher predator populations, or its physical structure is less likely to deter predation. It's possible that the combined factors of higher vegetation and reduced tidal inundation rates at Rush Ranch (relative to more saline marshes closer to the Golden Gate Bridge) may provide greater refuge during high tides for small mammals and snakes, the main predators of bird eggs in tidal marshes, resulting in higher densities of these predators within the marsh and in adjacent upland habitat. To our knowledge, however, this hypothesis has not been tested. We do not know how the increase in perennial pepperweed is affecting the ecology of Rush Ranch, nor do we know the ramifications of the possible affinity of tidal marsh birds for pepperweed, as demonstrated by common yellowthroats. Specifically, we do not know whether spatial and temporal differences in plant structure and plant species are affecting (directly or indirectly) other species that are part of the food web, and how those differences might be affecting food availability, vulnerability to predation, and overall survivorship for yellowthroats and other bird species. A NERR-sponsored study is currently underway at Rush Ranch to examine differences in the food web between areas that have and have not been invaded by perennial pepperweed, based on stable isotope signatures of plant, invertebrate, and song sparrow tissues (C. Whitcraft and R. Wigginton, unpublished data). Results are expected in 2012.
